Abstract: We experimentally demonstrate cross-phase modulation (XPM) in a hydrogenated amorphous silicon-silica optical fiber. Additional numerical analysis shows that shifts in the probe wavelength are induced by the pump indicating potential for Kerr based switching applications.
Introduction
Optical fibers with novel functionality are promising candidates for a variety of potential applications, such as alloptical signal processors, in transmission windows beyond that of conventional fibers. In particular, hydrogenated amorphous silicon-core (a-Si:H) optical fibers have demonstrated strong optical nonlinearity in short centimeter fiber lengths [1] . A number of nonlinear mechanisms have been observed and characterized in these fibers such as twophoton absorption (TPA), free-carrier absorption (FCA), self-phase modulation (SPM) and cross-absorption modulation (XAM). In order to observe cross-phase modulation (XPM) effects from a high power source on a separate weak signal, we employ a pump-probe technique to establish the extent of nonlinear frequency modulation and shifting caused by XPM [2] .
Theory and Experiment
Within a semiconductor optical fiber, the propagation of a strong pump field (A p ) in the presence of a weaker probe signal (A s ) can induce phase coupling between the two fields. The dynamics of this behavior can be modeled by a system of coupled nonlinear differential equations [3] :
Here A i is the slowly varying amplitude of the pulse envelopes (i = p, s), β 1i and β 2i are the first and second-order dispersion parameters, and the complex nonlinear parameter is defined as
with the Kerr (n 2 ) and TPA (β TPA ) coefficients. The final terms represent the linear losses α i , and free-carrier contribution by the pump σ f i = σ i (1 + iµ)N where σ i is the free-carrier absorption (FCA) coefficient, µ the free-carrier dispersion (FCD) parameter, and N the free-carrier density determined by Eq. (3). The material dependent parameters such as n 2 , β TPA , σ FCA , α i and the free-carrier lifetime τ have been established in previous studies of a-Si:H fibers [1, 4] . Experimental investigations are performed to demonstrate the strength of spectral modulation due to XPM providing the maximum wavelength shift. Eqs. (1)- (3) are used to establish the theoretical maximum center wavelength shift that a probe field experiences in the presence of a strong pump.
The experimental setup is illustrated in Fig. 1(a) . A femtosecond pump laser at 1540nm is split into two beams, one directed to the sample, and the other used to create a broadband supercontinuum in 500m of highly nonlinear fiber (HNLF). The HNLF output is filtered by a tunable filter (TF) to generate a pulse at a different wavelength and finally amplified by an erbium-doped fiber amplifier (EDFA) producing picosecond pulses. The probe's overlap with the pump is controlled by an optical delay line (ODL) and a fiber polarization controller (PC) is used to align the polarization states. An autocorrelator (AC) is used to view the pump-probe delay at one output of the central beam splitter, while the other is focussed into a 1cm long 6µm core a-Si:H sample (SMPL) and finally terminated in an optical spectrum analyzer (OSA). Results of XPM at a probe wavelength of 1590nm indicates strong spectral modulation as can be seen in Fig. 1(b) . The experimental probe spectrum of zero delay is plotted in Fig. 2(a) together with the numerical fit using Eqs. (1)- (3) showing excellent agreement. Furthermore, this analysis may be extended to quantify the shift in the central probe wavelength as a function of delay providing insight for wavelength switching applications. Fig. 2(b) shows the shift in the central wavelength of the probe as a function of delay exhibiting a maximum displacement of ∼ 1nm. Emphasis on improving the peak wavelength shift for Kerr-induced switching and modulation with maximum probe extinction will be presented. 
Conclusion
A first demonstration of XPM is observed in an a-Si:H optical fiber. Experimental evidence suggests that Kerr induced spectral modulation manifests as shifts in the central probe wavelength, results of which are accompanied and analyzed with numerical investigations.
